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ABSTRACT: 

A scroll compressor has first, second and third scrolls (2, 3, 4). The 
second and third scrolls (3, 4) each have a spiral ridge (32, 42) on a fiat 
plane (31, 41) and the first scroll (2) has two spiral ridges (22a, 22b) on 
opposite sides of a flat plate (21). The second and third scrolls (3, 4) are 
arranged on both sides of the first scroll (2) so that the spiral ridges (22a 
and 32, 22b and 42) of the opposed scrolls (2 and 3, 2 and 4) are meshed with 
each other. A lower-stage compression part (30) is defined between the first 
and second scrolls (2 and 3) and a higher-stage compression part (40) is 
defined between the first and third scrolls (2 and 4). A suction port (33) of 
the lower-stage compression part (30) communicates with a suction passage (11) 
of the compressor, a discharge port (34) of the lower-stage compression part 
(30) communicates with a suction port (43) of the higher-stage compression part 
(40), and a discharge port (44) of the high-stage compression part (40) 
communicates with a discharge passage (12) of the compressor. Thus, a fluid on 
the suction passage (11) is first sucked into the lower-stage compression part 
(30) and compressed there to an intermediate pressure, then further compressed 
to a higher pressure at the higher-stage compression part (40), and finally 
discharged from the discharge port (44) of the higher-stage compression part 
(40) to the discharge passage (12). <IMAGE> 



9/28/06, EAST Version: 2.1.0.14 



® 



EuropSisches Patentamt 
European Patent Office 
Office europ6en des brevets 



illlilliilODII 

0 Publication number 0 529 660 A1 



® 



EUROPEAN PATENT APPLICATION 



® Application number 9211476&2 
@ Date of filing: 28.0&92 



® int CIA F04C 18/02, F04C 23/00 



® Priority: 3aoa91 JP 220169/91 


® Inventor Shibamoto, Yoshttaka, c/o 


@ Date of publication of application: 


Rinkal-kolo 


Sakai-selsakusho, DAIKIN IND.,LTD., 3-12, 


Oaoa93 Bulletin 93/09 


Chikkou- 


0 Designated Contracting States: 


shinmachl, Sakai-shi, Osaka-fu(JP) 


DEFRGB 




@ Applicant: DAIKIN INDUSTRIES, LTD. 


® Representative: FUchsle, Klaus, Dipl.-lng. et al 


Umeda Center Building 4-1% NakazaM-nlshl 


Hoffmann . Eide & Partner Patentanwatte 


2-chome 


Arabellastrasse 4 


Klta-ku, Osaka 530(JP) 


W^BOOO MUnchen 81 (DE) 



CO 
CO 

a> 

CM 

in 



0 Two-stage scroll compressor. 

@ A scroll compressor has first, second and third 
scrolls (2, 3p 4). The second and third scrolls (3, 4) 
each have a spiral ridge (32, 42) on a flat plane (31, 
41) and the first scroll (2) has two spiral ridges (22a, 
22b) on opposite sides of a flat plate (21). The 
second and third scrolls (3, 4) are arranged on both 
sides of the first scroll (2) so that the spiral ridges 
(22a and 32, 22b and 42) of the opposed scrolls (2 
and 3, 2 and 4) are meshed with each other. A 
lower-stage compression part (30) is defined be- 
tween the first and second scrolls (2 and 3) and a 
higher-stage compression part (40) is defined be- 
tween the first and third scrolls (2 and 4). A suction 
port (33) of the lower-stage compression part (30) 
communicates with a suction passage (11) of the 
compressor, a discharge port (34) of the lower-stage 
compression part (30) communk:ates with a suction 
port (43) of the higher-stage compression part (40), 
and a discharge port (44) of the high-stage compres- 
sion part (40) communicates with a discharge pas- 
sage (12) of the compressor. Thus, a fluid on the 
suction passage (11) is first sucked into the tower- 
stage compression part (30) and compressed there 
to an intermediate pressure, then further com- 
pressed to a higher pressure at the higher-stage 
compression part (40), and finally discharged from 
the discharge port (44) of the higher-stage compres- 
sion part (40) to the discharge passage (12). 
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BACKGROUND OF THE IWVEWTIOW 

1. Reld of the Invention 

The present invention generally relates to a 
scroll compressor primarily used for a refrigerating 
apparatus, and more (>articularly to a scroll com- 
pressor comprising a first scroll, and second and 
third scrolls arranged on bath sides of and asso- 
ciated with the first scroll so that two compression 
chambers are provided. 

2. Description of the Prior Art 

A conventional scroll compressor of this kind is 
disclosed in Japanese Patent Laid-Open Publica- 
tion No. 61-152984 and shown in Rg. 9. As shown 
In Rg. 9, the conventional scroll compressor com- 
prises a first scroll 102. a second scroll 103 and a 
third scroll 104. The first scroll 102 has a flat plate 
121 and back and front spiral ridges 122a, 122b 
provided on both sides of ttie flat plate 121, re- 
spectively. The second scroll 103 has an end plate 
with a flat face 131 confronting one face of the flat 
plate 121. and a spiral ridge 132 provided on the 
flat face 131. Similarly, the third scroll 104 has an 
end plate with a flat face 141 confronting the other 
face of tiie flat plate 121 of tiie first scroll 102, and 
a spiral ridge 142 provided on the flat face 141. 
The second and third scrolls 103. 104 are arranged 
on both sides of the first scroll 102 in a manner to 
sandwich the first scroll 102 theret)etween. Thus, 
the back spiral ridge 122a of the first scroll 102 and 
the spiral ridge 132 of the second scroll 103 are 
meshed with each other, while the front spiral ridge 
122b of the first scroll 102 and the spiral ridge 142 
of the third scroll 104 are meshed with each other. 
Suction ports 105, 105 are respectively formed in 
the vicinity of the external end portions of the back 
spiral ridge 122a of the first scroll 102 and the 
spiral ridge 132 of the second scroll 103 and in the 
vicinity of the external end portions of the front 
spiral ridge 122b of the first scroll 102 and the 
spiral ridge 142 of the third scroll 104. The suction 
ports 105 communk:ate with a suction space 106 in 
a casing 101 being a low-pressure dome. On the 
other hand, discharge ports 108, 108 are respec- 
tively formed in the vicinity of the intemal end 
portions of the back spiral ridge 122a of the first 
scroll 102 and the spiral ridge 132 of the second 
scroll 103 and in the vicinity of the intemal end 
portions of the front spiral ridge 122b of the first 
scroll 102 and the spiral ridge 142 of tiie third 
scroll 104. The discharge ports 108 communicate 
with a discharge passage 107. Compression por- 
tions 109, 109 are defined between the spiral 
ridges 122a and 132. 122b and 142. In this scroll 
compressor, a fluid taken in from the respective 



suction ports 105 and compressed at the respec- 
tive compression portions 109 is joined at the dis- 
charge ports 108 and then discharged tiirough the 
discharge passage 107 communicating with the 

5 discharge ports 108. 

As described above, in the conventional scroll 
compressor, the suction and compression opera- 
tion is effected on both sides of the first scroll 102. 
Therefore, a thrust load acting on the first scroll 

10 102 is offset by \he balance between fluid pres- 
sures at the compresston chambers fonned on 
both sides of the first scroll 102, so that a thnist 
load acting on a thrust bearing of the first scroll 
102 can be reduced, resulting in reduction of loss 

IS at the thrust bearing. In addition, ttie capacity of 
the compressor can be increased. 

However, since a fluid, which is in tiie suction 
space 106 in the casing 101 designed as a low- 
pressure dome, is taken In from the two suction 

20 ports 105 communicating with the suction space 
108, and compressed at the two compression por- 
tions 109 in parallel and then discharged from the 
two discharge ports 108 to the discharge passage 
107, the volumetric efficiency can not be effectively 

25 increased. More specifically, since a vicinity zone 
of the extemal end portions of the spiral ridges 
122a and 132 and that of the extemal end portions 
of the spiral ridges 122b, 142 are both placed in an 
atmosphere of a suction pressure, both of the corn- 
so pression portions 109 having completed the fluid 
suction and containment processes are necessarily 
adjacent to the suction space 106. As a result, as 
shown In Rg. 10, the fluid under compression in 
the two compression portions 109 leaks to the 

3S suction space 106 through clearances t>etween end 
faces of the extemal end portions of the spiral 
ridges 122a, 122b of tiie first scroll 102 and the flat 
faces 131, 141 of the end plates of the second and 
third scrolls 103. 104. respectively. Since this leak- 

40 age takes place on both sides of the first scroll 
102. the volumetric efficiency decreases. 

SUMMARY OF THE INVENTION 

45 The present invention has been devetoped in 
view of the above-mentioned problem, and an es- 
sential object of the present invention is to provide 
a scroll compressor which is capable of reducing 
the volumetric efficiency drop due to the leakage of 

50 fluid in the process of compression to the suction 
passage, while reducing the thrust load effectively, 
so that a higher volumetric efficiency is offered as 
compared with the conventional scroll compressor. 
In order to achieve the aforementioned object, 

55 the present invention provides a scroll compressor 
which comprises a first scroll having a flat plate 
and first and second spiral ridges provided on 
opposite faces of the flat plate; a second scroll 
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having an end plate with a flat fiace and a spiral 
ridge provided on the flat face of ttie end plate, the 
second scroll being placed on one side of the first 
scroll so that the flat face of the end plate is 
opposed to one face of the flat plate of the first 
scroll and that the spiral ridge of the second scroll 
Is meshed with the first spiral ridge of the first 
scroll; a third scroll having an end plate with a flat 
face and a spiral ridge provided on the flat face of 
the end plate of the third scroll, the third scroll 
t>eing placed on the other side of the first scroll so 
that the flat face of the end plate of the third scroll 
is opposed to the other face of the flat plate of the 
first scroll and that the spiral ridge of the third 
scroll is meshed with the second spiral ridge of the 
first scroll; a casing accommodating the first, sec- 
ond and third scrolls and having an intemal space 
therein; a suction passage for introducing a fluid to 
t>e compressed into the casing: and a discharge 
passage for discharging a compressed fluid out of 
the casing, and which is characterized in that 

a lower-stage compression part provided with a 
suction port and a discharge port is formed be- 
tween the first and second scrolls, the suction port 
of the lower-stage compression part l)eing formed 
in the vicinity of external end portions of the first 
spiral ridge of the first scroll and the spiral ridge of 
the second scroll and communicating with the suc- 
tion passage; 

a higher-stage compression part provided with 
a suction port and a discharge port is fonned 
t>etween the first and third scrolls, the discharge 
port of the higher-stage compression part being 
formed in the vicinity of intemal end portions of the 
second spiral ridge of the first scroll and the spiral 
ridge of the third scroll and communicating with the 
discharge passage; and 

the discharge port of the lower-stage compres- 
sion part communicates with the suction port of the 
higher-stage compression part, 

whereby the fluid is first compressed to a 
predetermined intermediate pressure at the lower- 
stage compression part and then the fluid is further 
compressed to a higher pressure at the higher- 
stage compression part. 

According to the present invention, there is 
provided a scroll compressor of two-stage com- 
pression type. That is, a fluid sucked from the 
suction port of the lower-stage compression part is 
compressed to an intermediate pressure and dis- 
charged from the discharge port of the lower-stage 
compression part. This discharged fluid is then 
sucked from the suction port of the higher-stage 
compression part so as to be further compressed 
to a higher pressure by the higher-stage compres- 
sion part The fluid is finally discharged from the 
discharge port into the discharge passage. 



In the lower-stage compression part, leakage of 
the fluid in the process of compression into the 
suction passage still takes place as in the conven- 
tional scroll compressor, but in the higher-stage 

5 compression part, since the fluid once compressed 
by the lower-stage compression part is sucked 
from the lower-stage compression part for further 
compression, there is no leakage of the fluid In the 
process of compression into the suction passage, 

10 and therefore, the volumetric efficiency drop due to 
the leakage of the flukJ in the process of compres- 
sion can be reduced while the thrust load acting on 
the first scroll can be effectively reduced. Thus, a 
high-efficiency scroll compressor can be otitained. 

IS Preferably, the discharge port of the lower- 
stage compression part and the suction port of the 
higher-stage compression part open into the casing 
accommodating the lower-stage compression part 
and higher-stage compression part so that the dis- 

20 charge port of the tower-stage compression part 
and the suction port of the higher-stage compres- 
sion part communicate with each other through the 
internal space of the casing, and the discharge port 
of the higher-stage compression part communi- 

25 cates with the discharge passage while being sepa- 
rated from the intemal space. 

In this case, the intemal space of the casing 
can be held at an intemnediate pressure between a 
low pressure and a high pressure, and can be 

30 utilized as an communication passage k>etween the 
lower-stage compression part and the higher-stage 
compression part. Therefore, the construction of 
passages can be simplified. Furthenmore. when a 
motor for driving the movable scroll is accom- 

35 modated in the intemal space, the motor can t>e 
effectively cooled by the intermediate-pressure flu- 
id. Therefore, a better cooling effect for the motor 
can be obtained as compared with a so-called 
high-pressure dome type compressor wherein the 

40 intemal space of the casing is heki at a high 
pressure, whereby reliability of the motor can t>e 
improved and efficiency drop of the motor can k>e 
suppressed. Moreover, as compared with a so- 
called low^ressure dome type compressor 

45 wherein the Intemal space is held at a low pres- 
sure, the effect of the superheat of a suction gas 
due to the over-heat of the motor can be reduced. 
Furthermore, since a lubrication oil for lubricating 
parts such as a beanng for supporting a shaft 

50 driven by the motor can be easily added to the 
intermediate-pressure fluid after the lubrication has 
been effected, a special oil injection mechanism for 
a compression chamtier of the higher-stage com- 
pression part can be eliminated, and since the 

55 lubrication oil is added to the intermediate-pressure 
fluid, the superheat of the suction fluid is less and 
the volumetric efficiency drop is also less, as conrv 
pared with the case of adding lubrication oil to the 
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suction fluid. 

Furthermore, when the flat plate of the first 
scroll is provided with a communication passage 
for communicating the discharge port of the lower- 
stage compression part with the suction port of the 
higher-stage compression part, and the discharge 
port of the higher-stage compression part opens 
into the internal space of the casing accommodat- 
ing therein the lower-stage compression part and 
the higher-stage compression part, the internal 
space can be held at a high pressure. Therefore, 
the differential pressure oil supply to lut»rication 
parts can be easily made. Since the lut>rication 
parts are also held at the high pressure, pressures 
are tranced on tx)th sides of tfie first scroll, result- 
ing in that the thrust load acting on the first scroll 
can be made smaller. 

BRIEF DESCRIPTION OF TOE DRAWINGS 

These and other objects and features of the 
present invention will become clear from the follow- 
ing description taken in conjunction with the pre- 
ferred embodiments thereof with reference to the 
accompanying drawings throughout which like 
parts are designated by like reference numerals, 
and in which: 

Rg. 1 is a partly-omitted longitudinal sectional 
view of a first emtxxfiment of a scroll compres- 
sor according to the present invention; 
Rg. 2 is an explanatory diagram showing the 
relation t»etween the volume and pressure at the 
lower-stage compression part and the higher- 
stage compression part 

Rg. 3 is a cross^sectional view of a lower-stage 
compression part of the scroll compressor of 
Rg- 1; 

Rg. 4 is a cross-sectional view of a higher-stage 
compression part of the scroll compressor of 
Rg.1; 

Rg. 5 is a partial tongitudinal sectional view of a 
variant of the first embodiment of the present 
invention; 

Rg. 6 is a partial longitudinal sectional view of 
another variant of the first embodiment of the 
present invention; 

Rg. 7 is a longitudinal sectional view of a sec- 
ond emt)odiment of the present invention; 
Rg. 8 is a partial longitudinal sectional view of a 
variant of the second embodiment of the present 
invention; 

Rg. 9 is a sectional view of a conventional scroll 
compressor; and 

Rg. 10 is an enlarged sectional view of a part of 
tfie conventional scroll compressor of Rg. 9. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

At first, a first emt)odiment shown in Rg. 1 will 
5 be described below. In Rg. 1 , reference numeral 1 
indicates a hermetic casing having a suction pas- 
sage 11 and a discharge passage 12. Reference 
numeral 2 indicates a first scroll which has a fiat 
plate 21 and t>ack and front spiral ridges 22a. 22b 

10 provided as first and second spiral ridges respec- 
tively on both faces of the fiat plate 21. Reference 
numeral 3 indicates a second scroll which has an 
end plate having a flat plane 31 opposed to one 
face of the flat plate 21 of the first scroll 2. and a 

IS spiral ridge 32 formed on the flat plane 31. Refer- 
ence numeral 4 indicates a third scroll which has 
an end plate having a flat plarte 41 opposed to the 
otiier face of the flat plate 21 of the first scroll 2, 
and a spiral ridge 42 formed on the flat plane 41. 

20 The second and third scrolls 3, 4 are arranged on 
both sides of the flat plate 21 of the first scroll 2 so 
as to mesh the t>ack spiral ridge 22a of the first 
scroll 2 with the spiral ridge 32 of the second scroll 
3 and to nnesh the front s(»ral ridge 22b of the first 

25 scroll 2 wifli the spiral ridge 42 of the third scroll 4. 
The second scroll 3 is fixed within the casing 1 and 
tfie third scroll 4 is supported on the casing 1 by 
an elastic support means 5 so as to t)e displace- 
able in a radial direction of the first scroll 2. The 

30 first scroll 2 is. mounted around a drive shaft 6 
connected to an assodated motor 7 so as to orbit 

As shown in Rgs. 1 and 3, a suction port 33 
communicating to the suction passage 11 is pro- 
vided in the vicinity of the external end portions of 

35 the back spiral ridge 22a of the first scroll 2 and 
the spiral ridge 32 of the second scroll 3 meshed 
with the back spiral ridge 22a, and a discharge port 
34 is provided in the vicinity of the internal end 
portions of the back spiral ridge 22a of the first 

40 scroll 2 and the spiral ridge 32 of the second scroll 
3. so that a lower-stage compression part 30 is 
defined between the first and second scrolls 2 and 
3. On the other hand, as shown in Rgs. 1 and 4, 
anotiier suction port 43 is provided in the vicinity of 

45 the external end portions of the front spiral ridge 
22b of the first scroll 2 and the spiral ridge 42 of 
the third scroll 4 meshed with the front spiral ridge 
22b. and near the internal end portions thereof 
tfiere is provided a discharge port 44 communicat- 

50 ing to the discharge passage 12. Thus a higher- 
stage compression part 40 is formed between the 
first and third scrolls 2 and 4. The discharge port 
34 of the lower-stage compresston part 30 and the 
suction port 43 of the higher-stage compression 

ss part 40 open into an internal space 13 of the casing 
1 accommodating the lower-stage compression 
part 30 and higher-stage compression part 40. so 
that the discharge port 34 and the suction port 43 
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communicate with each other through the intemal 
space 13. TTie discharge port 44 of the higher- 
stage compression part 40 opens into a high pres- 
sure space 14 Isolated from the intemal space 13 
by a partition wall 8. with the discharge passage 12 
communicating with this high pressure space 14. 

A discharge volume of the lower-stage com- 
pression part 30 (a volume of a compression cham- 
ber of the lower-stage compression part 30 
reached immediately before the discharge Is start- 
ed) and a suction volume of the higher-stage com- 
pression part 40 are Ideally equal to each otfter. 
Actually, however, taking errors, etc. into consider- 
ation, the discharge volume Vi of the lower-stage 
compression part 30 is preferably made a little 
smaller than the suction volume V2 of the higher- 
stage compression part 40. as shown in Rg. 2 
wherein a curve A indicates a discharge pressure 
of the higher-stage compression part 40, a curve B 
indicates a discharge pressure of the lower-stage 
compression part 30 and a curve C indicates a 
suction pressure of the lower-stage compression 
part 30. Furthermore, when gas injection is made 
possible as described later, the suction volume V2 
is preferably made, for example. 1.1 to 1.3 times 
the discharge volume Vi in accordance with the 
gas Injection volume. 

Between the third scroll 4 and the flat plate 21 
of the first scroll 2, there is provided an Oldham 
joint 50 to allow the first scroll 2 to revolve through 
driving of the drive shaft 6. The first scroll 2 has in 
its central portion on the second scroll side a 
tubular boss portion 23 to receive an eccentric 
portion 61 of the drive shaft 6 through a bearing 9. 
The bearing 9 portion communicates with the dis- 
charge port 34 of the lower-stage compression part 
30 by means of a communication passage 35. so 
that oil can be injected into the lower-stage com- 
pression part 30 through the communication pas- 
sage 35 after supplied to the bearing 9 from an oil 
supply passage 62 which is provided in the central 
portion of the drive shaft 6 and which commu- 
nicates with an oil supply pump (not shown). An 
Intermediate portion of the drive shaft 6 Is rotatably 
supported in a bearing hole provided in a central 
portion of the second scroll 3 through a biearing 10. 
The discharge port 34 is opened near the t>earing 
10 so that a lutMication oil injected into the lower- 
stage compression part 30 through the commu- 
nication passage 35 can be returned from the dis- 
charge port 34 to the intemal space 13 together 
with an intermediate-pressure gas. 

The intermediate pressure gas discharged from 
the discharge port 34 into the intemal space 13 
effectively cools the motor 7, and reaches the 
suction port 43 of the higher-stage compression 
part 40 through a clearance between an outer pe- 
riphery of the second scroll 3 and an inner wall of 



the hermetic casing 1 so as to be sucked into the 
higher-stage compression part 40 from its suction 
port 43. At this time, the oil having been injected 
into the intermediate-pressure gas is separated 
5 therefrom through collision of the gas witii the 
motor and effectively returned to an oil reservoir 
placed at the t)ottom of the casing 1 and oil not 
separated is, in the process of being sucked Into 
the suction port 43. supplied to a sliding portion of 

70 the Oldham joint 50 and the thrust bearings 9, 10 
for the first and second scrolls 2 and 3. 

Furthenmore. the elastic support means 5 for 
supporting the third scroll 4 are constituted from, 
for example, coil springs, leaf springs, etc., and 

15 support the third scroll 4 at its plural peripheral 
positions so as to allow the tiiird scroll 4 to di^ 
place radially relative to the first scroll 2. 

Furthermore, the partition wall 8 is provided 
with an oil retum passage 81 which opens to the 

20 intemal space 13 so as to retum oil separated from 
a higthpressure gas in the high pressure space 14 
to the intemal space 13. 

Meanwhile, reference numeral 51 indicates an 
injection tube opening into the intemal space 13 

25 near tiie suction port 43 of tiie higher-stage com- 
pression part 40. The injection tube 51 can inject 
gas, liquid or oil to the intemal space 13 near the 
suction port 43 so that the amount of gas sucked 
by the higher-stage compression part 40 is in- 

30 creased, resulting In increase in capacity of the 
compressor, or that the higher-stage compression 
part 40 Is cooled or sealed. In this case, since the 
Injection tube 51 is required only to t>e projected 
into the casing 1 , the piping structure of the injec- 

36 tion tube 51 can be simplified. Particulariy in the 
case of injection of gases, since the injection is 
effected Into the intemal space 13. namely, into the 
intemal space wherein pressure can be held con- 
stant with littie change according to the operating 

40 condition, the volume of Injection can be held al- 
most constant and the t^ack flow of the gas, loss 
due to the back flow and injection pulsation can be 
eliminated. In contrast, in the conventional example 
wherein an injection port is provided in a fixed 

45 scroll and wherein the gas injection is effected 
during the compression process, the injection pres- 
sure may t>ecome lower than the pressure of the 
compression chamber according to the operation 
condition, resulting in occurrence of the back fk>w. 

50 The compressor of the first embodiment con- 
structed as shown in Rg. 1 operates as follows. 
When the first scroll 2 is driven to revolve by the 
motor 7, a low-pressure gas taken Into the suction 
port 33 from the suction passage 11 is compressed 

55 to an intermediate pressure in the compression 
chamber of the lower-stage compression part 30, 
and discharged from the discharge port 34 into the 
intemal space 13 of the casing 1. The intermediate- 
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pressure gas in the internal space 13 is sucked 
from the suction port 43 into the higher-stage com- 
pression part 40. compressed in the compression 
chamt)er of the higher-stage compression part 40, 
and then discharged into the high-pressure space 
14 to t)e delivered to the suction passage 12. That 
is, the compressor is of a tm-stage compression 
construction wherein a gas first compressed by the 
lower-stage compression part 30 to an 
intermediate-pressure is further compressed to a 
high pressure by the higher-stage compression 
part 40. Therefore, although the gas leaks from the 
lower-stage compression part 30 into the suction 
passage 11 in the process of compression as in 
the conventional case, there is no leakage from the 
higher-stage compression part 40 to the suction 
passage 11. Because of this fact, the volumetric 
efficiency drop due to the leakage of the gas in the 
process of compression into the suction passage 
11 can be reduced. Furthermore, since the lower- 
stage compresskm part 30 and the higher-stage 
compression part 40 communicate with each other 
through the internal space 13 of tf)e casing 1. 
namely, the internal space 13 is utilized as a com- 
munication passage, the passage construction can 
be simplified, and since the intermediate-pressure 
gas between the tow pressure and the high pres- 
sure is discharged into the internal space 13, the 
motor 7 driving the first scroll 2 can be effectively 
cooled by the intermediate pressure gas. Con- 
sequentiy, as compared with a soK^led high-pres- 
sure dome compressor wherein the internal space 
in ttie casing is held at a high pressure, a better 
cooling effect for the motor 7 can be obtained, 
reliability of the motor can be improved, and drop 
In nKitor efficiency can be restrained. Furthermore, 
effect of superheat of a suction gas due to over- 
heating of the motor can be less, as compared with 
a so-called low-pressure dome compressor v^erein 
the internal space is hekJ at a low pressure. 

In the first emt>odrment descrit)ed above, since 
oil supplied to the bearing 9 can be easily injected 
into the lower-stage compression part 30 and the 
injected oil can be retumed to the internal space 13 
fi'om the discharge port 34 together with the 
intermediate-pressure gas. oil retum can be per- 
formed effectively and easily. Moreover, although 
oil is retumed to the internal space 13, the suction 
gas in the internal space 13 is hardly superheated 
since the internal space 13 is at an intermediate 
pressure. Also, part of the retumed oil is utilized to 
lubricate the sliding portion of the Oldham joint 50, 
a thrust bearing 52 and other parts. 

Furthermore, in the case of gas injection from 
the injection tut>e 51, not only the piping structure 
can be simplified, but also a stable injection be- 
comes possible as described above. In addition, oil 
is injected into the higher-stage compression part 



40 and the sliding portion of the Oldham joint 50, 
the thrust bearing 52, etc. are lubricated while the 
oil is retumed from the high pressure space 14 to 
the internal space 13 by providing the oil retum 

5 passage 81 in the partition wall 8. 

Furthermore, since the intermediate-pressure 
gas discharged fix>m the k>wer-stage compression 
part 30 is further compressed to a high pressure, it 
is not necessary to make the overall diameter of 

10 the higher-stage compression part 40 as large as 
that of the tower-stage compression part 30. As a 
result the OkJham joint 50 can be easily mounted 
by utilizing the outer periphery of the higher-stage 
compression part 40. 

IS Furthenmore, the third scroll 4 is elastically 
supported through the elastic support means 5. 
Therefore, wtien tfiere is a dimensional error in a 
portion of the drive shaft 6 which supports the third 
scroll 4 and the eccentric shaft portion 61 of the 

20 shaft 6, the third scroll 4 is displaced in the radial 
direction relative to the first scroll 2 during the 
revolution of the first scroll 2 so that the contact 
resistance between the spiral ridges 22b, 42 of the 
first and third scrolls 2 and 4 is reduced. Moreover. 

25 when a fluid is compressed in a liquid-phase in the 
higher-stage compression part 40 or when dust 
enters between the spiral ridges 22b, 42. the third 
scroll 4 is displaced in the radial direction relative 
to the first scroll 2, thus preventing the contact 

30 resistance between spiral ridges 22b and 42 firom 
increasing. 

Furthermore, in the first embodiment shown in 
Rg. 1, it is preferable to furttier provide in ttie flat 
plate 21 of the first scroll 2 a heat insulation space 

35 24 having a size nearly equal to the outer diam- 
eters of the spiral ridges 22b. 42 as shown in Rg. 
5. and it is further preferable to provide a small- 
diameter communication passage 25 communicat- 
ing tiie heat Insulation space 24 in the flat plate 21 

40 with the higher-stage compression part 40 so as to 
Introduce into the heat insulation space 24 through 
the passage 25 an intermediate-temperature gas 
being compressed in the higher-stage compression 
part 40. In this case, since heat transfer from the 

45 higher-stage compression part 40 to the tower- 
stage compression part 30 due to the temperature 
difference t)etween these compression parts 30 
and 40 can be suppressed, loss in compression 
due to the heat transfer can be reduced and com- 

50 pression efficiency of the lower-stage compression 
part 30 can be improved accordingly. Also, by 
introducing a gas in the process of compression in 
the higher-stage compresston part 40 into the in- 
sulation space 24, deflection of the flat plate 21 can 

55 be minimized, and leakage from t>6tween the spiral 
ridges 22a, 22b and 32, 42 can be minimized. In 
the case of Rg. 5. ttie flat plate 21 is divided into 
. halves by an imaginary plane parallel to the faces 
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of the flat plate 21 so that the insulation space 24 
is formed in k)etween. Division faces of the flat 
plate 21 are tx)nded together around the insulation 
space 24. 

In the first emtxxliment descrit>ed above and 
shown in Rg. 1, the partition wall 8 is provided to 
form the high-pressure space 14 in the hennnetic 
casing 1. Altematively. as shown in Fig, 6. the 
second scroll 3 may be formed in a size cor- 
responding to the inner diameter of the casing 1 
and fixed to the casing 1 so that the high pressure 
space 14 is formed. In this case, it is preferable to 
form an annular pressure chamber 53 in the thrust 
bearing portion 52 of the first scroll 2 and commu- 
nicate the pressure chamt>er 53 to the internal 
space 13, the compression chamber of the higher- 
stage compression part 40 or the high-pressure 
space 14 through a communication passage 54 so 
as to Introduce the Intermediate-pressure gas or 
the high-pressure gas into this pressure chamber 
53 for further reduction of the thrust load acting on 
the first scroll 2. 

Subsequently, a second embodiment shown in 
Rg. 7 will be described below. The second em- 
bodiment is different from the first emtxxliment In 
the following points. In the embodiment shown in 
Rg. 7. a communication passage 26 communicat- 
ing the discharge port 34 of the lower-stage com- 
pression part 30 with the suction port 43 of the 
higher-stage compression part 40 is provided in the 
flat plate 21 of the first scroll 2 and the partition 
wall 8 is eliminated, so that the discharge port 44 
of the higher-stage compression part 40 opens into 
the intemal space 13 of the casing 1 and that the 
intemal space 13 is thereby held at a high pres- 
sure. 

Also, in the second embodiment of Rg. 7, an 
enclosed accommodation space 55 Is provided 
among outer peripheral portions of the scrolls 2, 3 
and 4 so as to receive the Oldham joint 50 therein, 
and the flat plate 21 is provided with a pressure 
equalizing passage 27 communicating the acconr)- 
modation space 55 with the suction port 33 of the 
lower-stage compression part 30. Also, the elastic 
support means 5 is removed and the third scroll 4 
is fixed to the casing 1. The third scroll 4 is 
provided with a fitting hole 45 which opens into the 
suction port 43 and which receives the Injection 
tube 51. The discharge passage 12 opens into the 
intemal space 13, so that the casing 1 becomes a 
high-pressure dome. Reference numeral 15 is an 
oil reservoir provided in the bottom portion of the 
intemal space 13. 

Since the compressor constructed as sfYown in 
Rg. 7 is provided with the communication passage 
26 in ttie flat plate 21 of ttie first scroll 2, tiie 
intermediate-pressure gas discharged from ttie dis- 
charge port 34 of the lower-stage compression part 



30 through revolution of the first scroll 2 is directly 
sucked into the suction port 43 through the com- 
munication passage 26. The gas is then com- 
pressed in the compression chamber of the higher- 
5 stage compression part 40 and then discharged 
into the intemal space 13 from the discharge port 
44. Therefore, the intemal space 13 is held at a 
high pressure. 

Since the intemal space 13 is at a high pres- 
to sure, oil in tiie oil reservoir 15 can t>e supplied via 
ttie oil supply passage 62 to respective bearings 9, 

10 by the differential pressure, without using an oil 
pump, unlike ttie first embodiment Furthermore, oil 
in the oil supply passage 62 can be easily injected 

IS from the communication passage 35 to the lower- 
stage compression part 30 by ttie pressure dif- 
ference between the high pressure in the oil supply 
passage 62 and the intermediate pressure of the 
lower-stage compression part 30. Furthermore, 

20 since a space confronting an end face of the drive 
shaft 6 within the boss portion 23 can t>e held at a 
high pressure nearly equal to ttie discharge pres- 
sure of the higher-stage compression part 40, the 
thrust load of the first scroll 2 can be further 

25 reduced. 

Furthermore, since gas or oil can be injected 
from the Injection tube 51 into the suction port 43 
of the higher-stage compression part 40. the gas or 

011 injection is stably effected at a stable differential 
30 pressure between ttie injection pressure of the in- 
jection tube 51 and the intermediate pressure of 
the suction port 43 having no pressure fluctuations. 

Furthermore, since the accommodation space 
55 can be uniformly held at a low pressure by 

35 means of the introduction of the low-pressure gas 
on the suction passage 1 1 into the accommodation 
space 55 via the pressure equalizing passage 27, 
the thrust load acting on the first scroll 2 can be 
further reduced. 

40 The second embodiment of Rg. 7 can be var- 
ied as shown in Rg. 8. Specifically, a partition wall 
8 is provided in the casing 1 to form ttie high- 
pressure space 14. This space 14 is communicated 
with the intemal space 13 by a bypass line 56 so 

45 as to hold the intemal space 13 at a high pressure. 
Furthermore, similarly to the emtxxliment shown In 
Rg. 5, a heat insulation space 24 of a size nearly 
equal to the outer diameters of the spiral ridges 
22b. 42 is provided in ttie flat plate 21 of the first 

50 scroll 2. The heat insulation space 24 commu- 
nicates with the communication passage 26 so that 
part of the intermediate-pressure gas discharged 
from the discharge port 34 of the lower-stage com- 
pression part 30 to the communication passage 26 

55 is introduced to the heat insulation space 24 so 
that heat generated during the compression opera- 
tion at the higher-stage compression part 40 will 
not be easily transmitted to the lower-stage con>- 
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pression part 30. In this case, the flat plate 21 is. 
similarly to the flat plate of Rg. 5, dhfided into two 
parts in the middle of its thickness to form the heat 
insulation space 24 inside the flat plate 21. the two 
divided parts being bonded together around the 
heat insulation space 24. 

Although the present invention has been fully 
described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those sidlled in the 
art. Such changes and modifications are to be 
understood as included within the scope of the 
present invention as defined by the appended 
claims unless they depart therefrom. 

Claims 

1. A scroll compressor comprising: 

a first scroll having a flat plate and first 
and second spiral ridges provided on opposite 
faces of the flat plate; 

a second scroll having an end plate with a 
flat face and a spiral ridge provided on the flat 
face of the end plate, the second scroll being 
placed on one side of the first scroll so that the 
flat face of the end plate is opposed to one 
face of the flat plate of the first scroll and tiiat 
the spiral ridge of the second scroll is meshed 
with the first spiral ridge of the first scroll; and 

a third scroll having an end plate with a flat 
face and a spiral ridge provided on the flat 
face of the end plate of the third scroll, the 
third scroll being placed on the other side of 
the first scroll so that the flat face of the end 
plate of the third scroll is opposed to the otiier 
face of the flat plate of the first scroll and that 
the spiral ridge of the third scroll is meshed 
with the second spiral ridge of the first scroll; 
and 

a casing accommodating the first, second 
and third scrolls and having an intemal space 
therein; 

a suction passage for introducing a fluid to 
be compressed into the casing; and 

a discharge passage for discharging the 
fluid out of the casing after the fluid is com- 
pressed, 

characterized in that 

a lower-stage compression part provided 
with a suction port and a discharge port is 
formed between the first and second scrolls, 
the suction port of the lower-^stage compres- 
sion part being formed in the vicinity of exter- 
nal end portions of the first spiral ridge of the 
first scroll and the spiral ridge of the second 
scroll and communicating with the suction pas- 
sage; 



a higher-stage compression part provided 
with a suction port and a discharge port is 
fonmed between the first and third scrolls, the 
discharge port of the higher-stage compression 
5 part being formed in the vicinity of intemal end 

portions of the second spiral ridge of the first 
scroll and the spiral ridge of the third scroll 
and communicating with the discharge pas- 
sage; and 

10 the discharge port of the lower-stage com- 

pression part communicates with the suction 
port of the higher-stage compression part. 

whereby the fluid is first compressed to a 
predetermined intermediate pressure at the 

IS lower-^stage compression part and then the flu- 
id is further compressed to a higher pressure 
at the higher-stage compression part. 

2. TTie scroll compressor as claimed in Claim 1. 

20 wherein tfte discharge port of the lower-stage 
compression part and the suction port of the 
higher-stage compression part open into the 
casing accommodating the bwer-stage com- 
pression part and higher-stage compression 

25 part so that the discharge port of the lower- 
stage compression part and the suction port of 
the higher-stage compression part communi- 
cate with each other through the intemal space 
of the casing, and the discharge port of the 

30 higher-stage compression part communicates 
with the discharge passage while being sepa- 
rated from the intemal space. 

3b The scroll compressor as claimed in Claim 2. 
35 wherein an inside of the casing is partitioned 
by a partition wall into the intemal space and a 
space into which the discharge port of the 
higher-stage compression part opens. 

40 4. The scroll compressor as claimed in Claim 2. 
wherein the second scroll has a size corre- 
sponding to an inner diameter of the casing 
and is fixed to an inner wall of the casing so 
that an inside of the casing is partitioned by 

45 the second scroll into tiie intemal space and a 
space into which the discharge port of the 
higher-stage compression part opens. 

& The scroll compressor as claimed in Claim 1. 
50 wherein a heat insulation space is formed in- 
side the flat plate of the first scroll so that heat 
transfer from the higher-stage compression 
part to tfie lower-stage compression part is 
suppressed. 

55 

& The scroll compressor as claimed in Claim 5, 
wherein the heat insulation space communi* 
cates with the higher-stage compression part 
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through a communication passage fomned in 
the flat plate of the first scroll. 

7. The scroll compressor as claimed in Claim 1 , 
wherein the flat plate of the first scroll is pro- s 
vided with a communication passage for com- 
municating the discharge port of the lower- 
stage compression part with the suction port of 
the higher-stage compression part, and the 
discharge port of the higher-stage compression to 
part opens into the intemal space of the casing 
accommodating therein the lower-^tage com- 
pression part and the higher-stage compres- 
sion part 

TS 

& The scroll compressor as claimed in Claim 7. 
wherein a heat insulation space Is formed in- 
side the flat plate of the first scroll so that heat 
transfer from the higher-stage compression 
part to the tower-stage compriession part is 20 
suppressed. 

9. The scroll compressor as claimed in Claim 8, 
wherein the heat insulation space communi- 
cates with the communication passage. 25 

10. The scroll compressor as claimed in Claim 7, 
wherein an inside of the casing is partitioned 
by a partition wall into the intemal space and a 
space into which the discharge port of the 30 
higher-stage compression part opens, these 

two spaces communicating with each otfier 
through a bypass line . 



35 



40 



SO 



55 



9 



EP0S29 660A1 




10 



EP0S29 660A1 



Fig. 2 




6570 
(Vi) (V2) 



100 (cm3) 



VOLUME 



11 



EP 0 529 660 A1 




12 



EP0S29 660A1 



Fig. 5 

14 




10 34 6 62 35 31 32 



13 



EP 0 S29 660 A1 



Fig . 7 




14 



EP 0 529 660 A1 



Fig . e 




15 



« 



EP 0 S29 660 A1 



FiQ. 9 PRIOR ART 

106 




Fig. 10 PRIOR ART 
\22b 142 104 




16 



Confietii FfttEOt 
Ofltce 



EUROPEAN SEABCH REPORT 



EP 92 11 4768 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CKctDiT 



CilBliOM wi JofiifDrBt with 
•f rdenntn 



ojhsancAnoN or the 

APPLICATION (Ut. CL5) 



US-A-4 650 405 (IVANAMI ET AL.) 
* the whole document * 



F04C18/02 
F04C23/00 



iraiNICAL HELPS 
SBAIGHBDaM.CLS) 



F04C 
FOIC 



The 



RporC his been #bwb op fitriU c 



THE HAGUE 



IMi«rciiiVMnafa 

03 OECEHBER 1992 



DIMITROULAS P. 



CATEGOEY OP CITED DOCUMENIS 

X : pvtiadaily nlcvnt if tako akmm 

Y : ntfa^ nicnat If mbfafli «iih note 

A:f -r^* 
O: 

P:lata 




